INTRODUCTION
Diet and diet-related risk factors account for around 17 million deaths a year (1) , largely as a result of the robust association between suboptimal diet and weight gain. In developed Western countries, 20-30% of adults and 7-13% of children under the age of 5 are currently obese (2) . Such high levels of obesity result in adverse physiological and psychological consequences for individuals, and substantial healthcare and economic costs for society (3) (4) (5) . For example, the financial cost of diet-related disease and ill health to the UK health service is estimated to be around £6 billion per year (6) .
Private and public employers also bear a substantial diet-related burden. Obesity is reliably related to increased sickness absence and absenteeism in employees (7) (8) (9) (10) , and to more frequent injuries at work and compensation claims (7) . Consequently, employers have a strong incentive to actively pursue strategies to improve the health of their workforce (11) .
From a public health standpoint, workplaces may have unique potential as a setting in which to deliver health interventions (12, 13) . Full time employees spend up to 60% of their waking hours at work, and typically return repeatedly to the same location, providing a significant opportunity to deliver health interventions to a 'captive' population (14) . In addition, workplace-based interventions have the potential to improve the health of a socioeconomically and culturally diverse section of the population by targeting people employed at all levels of a particular setting (15) .
Healthy workplace interventions to date have typically focussed on education, motivational counselling, and effortful behaviour change, that is, on individual responsibility for health.
However, much human behaviour is not actually based on conscious deliberation or knowledge, but rather is cued automatically by the environment with little or no conscious awareness (16) . The modern environment has been described as 'obesogenic', or obesity promoting (17) with studies demonstrating that unhealthy consumption levels are partially driven by environmental factors such as the availability, proximity or appearance of food (18) . Consequently, modifications to the environment have the potential to promote or encourage healthy actions (19) and can be used as the basis of workplace health interventions (20) .
Environmental, or 'choice architecture', interventions are strategies that "do not require the individual to self-select into a defined programme" (21) . These interventions are about altering the placement or properties of objects/stimuli in the environment with the aim of changing health relevant behaviours (18) . Examples of such interventions include moving healthy options closer to customers in cafeterias, increasing the relative availability of healthy options, labelling healthy foods to make them easier to identify, improving the ambience of places where foods are consumed, altering plates and packaging, changing the sizing of food portions, and placing healthy eating prompts in the environment. Interventions of this type have three theoretical advantages over individually targeted interventions. Firstly, they are thought to work primarily via automatic or non-conscious processes so do not require individuals to 'buy in' to the intervention or exert effort to change behaviour.
Secondly, if effective, they are likely to be cost-effective to deliver as the resource required to deliver the intervention is typically low yet all target group members are exposed. Finally, If meta-analysis is not possible, results will be narratively summarised. In addition, the present study will assess the utility and coverage of the recently published typology of choice architecture interventions (18) for coding environmental interventions as they appear in practice. Details of the protocol for this systematic review (22) were registered on PROSPERO, an international database of prospectively registered systematic reviews in health and social care.
METHODS

Literature search
Using MeSH terms and text words the following databases were searched for studies between the date indicated and November, 2014: MEDLINE (1946); EMBASE (1974); and PsycINFO (1967) . The reference lists of prior literature reviews, as well as reference lists from studies included in this review, were used to identify other potentially relevant articles.
In addition, an advanced search was conducted in Google Scholar. Searches were limited to literature published in English. MeSH terms and full search strategies for each database are included in the supplementary materials (Appendix A).
Study inclusion/exclusion criteria
Definition of 'environmental intervention'
Interventions that met both of the following definitions for environmental interventions were eligible: 1: ''strategies that do not require the individual to self-select into a defined educational programme (i.e., self-help classes, counselling, or groups)" (p62; 20); and 2:
"Interventions that involve altering the properties or placements of objects or stimuli within micro-environments with the intention of changing health-related behaviour... implemented within the same micro-environment as that in which the target behaviour is performed, typically requiring minimal conscious engagement, can in principle influence the behaviour of many people simultaneously, …not targeted or tailored to specific individuals" (p1220; 18). Where possible, data provided were used to calculate Cohen's d, a standard measure of effect size, using a calculator provided by the Campbell Collaboration (23) .
Type of intervention
Intervention context
For a study to be included, the environmental intervention must have been conducted within a workplace, or must have been carried out in an environment which was frequented by employees for the purposes of eating.
Study design
We included all study designs, not just randomised controlled trials (RCTs) for two reasons.
Firstly, before-after designs at a single site are common in this area and we aimed to capture as many relevant studies as possible. Secondly, it may not be ethical or possible in this context to randomly allocate workers to different eating conditions. A strong focus on internal validity in an area where RCTs are not necessarily appropriate may result in biased estimates of effectiveness and may prevent the inclusion of interventions with stronger external validity (24) .
Language
Only studies written in English language were eligible for inclusion.
Study selection process
One reviewer (DQ) developed the search strategies for each of the databases and conducted the searches. All potentially relevant titles and abstracts were downloaded into Refworks and duplicates were removed. Abstract and title screening were done by the same reviewer, and they were scored as: (1) 'positive' (if inclusion criteria were certainly met), (2) negative (if inclusion criteria were certainly not met), or (3) as 'unclear' (if the coder was unsure, or if not enough detail was provided in the abstract to make a decision). Full text screening was done for articles scored as with a 'positive' or 'unclear' score (N=95). Articles about which doubts remained after examining the full text, were reviewed by two additional reviewers (MdB and JA). Disagreements were resolved by discussion between the three reviewers.
Data extraction and management
Data were extracted into a structured pro forma which had been developed at the start of the systematic review. Two of the reviewers (DQ & KB) extracted study characteristics and outcomes from all studies into a data extraction table. Any disagreements were resolved by discussion amongst all reviewers.
Risk of Bias
Since the majority of studies were (cluster) randomised (controlled) trials, the Cochrane risk of bias tool was used. This tool allows researchers to systematically assess specified elements of the design, conduct, analysis and reporting of studies in order to quantify the risk that bias is present and may have affected the accuracy of the reported outcome. Users of the tool make a judgement for each item about whether risk of bias is likely to be low, medium or high and record the justification for their decision. If insufficient information is available, a judgement of unclear is recorded. Additional risk of bias criteria were added based on the RATIONALE tool (25) , which elaborates on the 'other risks of bias' included in the Cochrane tool. Additions to the Cochrane tool were, first, extending the evaluation of selection bias with recruitment bias (for cluster trials) and chance bias (relevant when small numbers of people or cluster are randomised). Second, the risk of contamination and inappropriate intervention administration (fidelity) were assessed. Finally, stopping early for benefit because of a large intervention effect, or continuing with recruitment because of a smaller-than-expected intervention effect were coded. Trials could score High, Low, Unclear, or N/A (not applicable to that trial design) on these different criteria. Two of the reviewers (DQ & KB) independently coded all included studies against the RATIONALE criteria.
Disagreements were resolved with the help of a 3 rd coder (MdB).
Reporting quality: intervention
The quality of reporting of the interventions was evaluated using the Template for Intervention Description and Replication Checklist (TIDieR; 26). The TIDieR checklist has 12 items: 1. brief name of the intervention, 2. why this intervention was delivered (rationale), 3. what was delivered (intervention materials and activities), 4. what was the procedure for delivering the intervention, 5. who provided the intervention, 6. how was this intervention delivered, 7. where was the intervention delivered, 8. when and how much of the intervention were people exposed to, 9. planned tailoring of the intervention, 10. modifications to the intervention during the study, 11. what was the intended intervention delivery, and 12. how well was the intervention actually delivered. One reviewer (DQ) coded all included studies against the TIDieR criteria; and a second reviewer (KB) checked the coding for consistency.
Any disagreements were resolved via discussion amongst all reviewers.
Coding of the interventions
The environmental interventions were coded against the Emergent Typology of Intervention Types (18) . This typology describes 9 different types of environmental interventions observed during a large scoping review of the literature and provides definitions of each. The 9 types of intervention are summarised as those which primarily alter the properties of objects or stimuli (ambience, functional design, labelling, presentation, sizing), those which primarily alter the placement of objects or stimuli (availability, proximity) and those which primarily alter both properties and placement of objects or stimuli (priming, prompting). One type of intervention -financial -was added to this typology (e.g., making something healthy cheaper or something unhealthy more expensive), as many included studies contained a financial component. Two of the reviewers (DQ & KB) independently classified all included studies according to the emergent typology. Inter-rater agreement was 0.756 (Cohen's kappa) indicating moderate or substantial agreement depending on the criteria used (27) (28) .
Analysis
Due to substantial heterogeneity in study design, study quality, types of interventions, and outcome measures, meta-analysis was not possible and data were synthesized narratively (i.e. described in words and text rather than statistically combined).
RESULTS
The search identified 8517 potentially relevant articles. After removal of duplicates and title review of the remaining articles, 7952 articles were excluded. The titles and abstracts for the remaining 565 articles were downloaded for review against the inclusion criteria by one reviewer (DQ). After title and abstract review, 95 articles were retrieved for full text assessment. Overall, 22 studies met the inclusion criteria. The results of the literature search and the selection process are presented in Figure 1 .
Characteristics of included studies
The environmental interventions were evaluated with a range of different study designs: 1 randomised controlled trial, 9 cluster randomised trials, 2 trials with intervention/control clusters matched on relevant characteristics (e.g., size of the workplace), 4 trials with intervention/control clusters without randomisation or matching, 4 pre-post evaluations, and 2 interrupted time series studies. The sample size in the studies ranged from 38 to 3119 (mean (sd) = 815,4 (888,5); median (IQR) = 439 (786,0)) (based on 19 trials that evaluated individuals rather than sales data). The duration of intervention delivery ranged from 2 weeks to 2 years. Typical outcome measures were self-reported fruit and vegetable consumption, sales data, and physiological outcomes (such as weight and BMI). Fifteen trials were conducted in the USA, 7 in Europe (2 in Denmark and 5 in the Netherlands), 1 in Brazil, and 1 in Japan. For these and other descriptives, see Table 1 .
Risk of bias
The risk of selection bias (see Table 2 for an overview) was considered high in 8 trials, unclear in 8 trials due to incomplete reporting, and low in none of the trials. Twelve trials examined baseline differences in sample characteristics and did not find any; if we assume that this would capture all relevant prognostic covariates and the analyses are well-powered, we could assume 12 studies have a low, 3 a high, and 1 an unclear risk of selection bias.
Selection bias was coded as not applicable for studies with a pre-post or time series design.
Detection bias was considered low in 8 trials -mainly because outcomes were collected automatically (e.g., purchase data), high in 2, and unclear in 11 due to incomplete descriptions. Performance bias was considered high in 2 trials as participants and/or managers were aware of the interventions delivered in their setting, and unclear in 18 trials due to incomplete reporting. Attrition bias was low in 10 trials due to either the use of sales data with no attrition, the use of statistical techniques such as multiple imputation to account for attrition, or similar levels of attrition in the intervention and control group plus demonstration that completers were not significantly different form non-completers. Attrition bias was deemed high in 4 trials, and unclear in 8 trials. Reporting bias, reflecting on whether the outcomes reported were pre-planned, was low in 2 trials and unclear in the other 20. The risk of contamination was considered low in 20 trials due to either spread geographically (in the case of cluster trials) or in time (in the case of within-subject comparison designs). Whether the interventions were appropriately administered was unclear in 15 trials, as it was either not reported or not assessed, and low in 7 trials. Finally, the risks that trials were halted prematurely because of obvious benefits or where recruitment continued because intervention effects were 'almost significant' was considered low in 4 trials and unclear in the remaining 18, mainly because plausible sample calculations (published in the manuscript or in a study protocol) were not given.
Descriptions of the interventions
As outlined in Table 1 , of the 22 interventions described in the 24 included studies, the majority were comprised of multiple different elements (e.g. educational messages used in combination with point of purchase prompts, or changes to the availability of healthy foods).
Only 5 tested the effectiveness of a single intervention strategy in isolation: increasing availability of healthy foods (29, 30) , labelling healthy options at the point of purchase (31/32, 33) or labelling all foods with their calorie content (34) . In terms of frequency of use, the most commonly used strategies were labelling (either with calorie content or an indicator of Table 3 .
Intervention reporting
All included papers were coded against the TIDieR checklist to ascertain the quality of the reporting of the intervention. As shown in Table 4 , all included papers specified the name of the intervention (BRIEF NAME), the mode of delivery (HOW), and the location in which the intervention occurred (WHERE). All interventions except two described the theoretical rationale or aim (WHY) and materials used (WHAT materials). Reporting on the procedures applied (WHAT procedures) was not as robust, with 8/22 failing to adequately report this information. Reporting on the timeline and dose of the interventions described was similar, with 9/22 studies not describing the number of times the intervention was delivered, the period of time the intervention was delivered over, or the dose or intensity of the intervention (WHEN and HOW MUCH). The majority of studies (15) did not adequately report who had designed and delivered the intervention (WHO PROVIDED), the planned strategies for ensuring adherence/fidelity (14 did not report this; HOW WELL planned) or actual adherence/fidelity (17 failing to report; HOW WELL actual). Twenty studies did not report whether the intervention was modified or tailored during the study.
Outcomes: effects of the interventions
Of the 22 interventions, all reported a behavioural outcome (defined as the primary outcome in this review). Eleven of these were objectively recorded through sales data. Nine were based on self-reported data by consumers. In one trial photos of purchases were taken and coded, and in one other a research assistant coded purchases made at the counter.
Physical outcomes such as weight and BMI (defined as secondary outcomes in this review) were reported in only 3 trials. In one trial, weight was measured, and in another height and weight of participants was measured by study staff. In the 3 rd trial weight and height was measured by health care professionals.
For the behavioural outcomes, 13/22 trials (6/9 with self-reported measures, 5/11 with the sales data, and 2/2 where coders scored purchase behaviour) reported significant effects on the primary measures, and two studies with multiple behavioural outcomes reported significant effects on some measures but not on others. Effect sizes could be extracted or calculated for only 8 trials, with the Cohen's d ranging from 0 to .52 (no effect to a medium sized effect).
For the physical outcomes, Brehm et al. (35) found no differences in calorie intake in their cluster RCT, and no differences were found on weight or BMI (p-value and effect size not reported). Goetzel et al. (36, 37) found no effect on the risk of poor nutrition and no significant reductions in the prevalence of overweight / obese employees in intervention sites, yet report significant effects on weight and BMI at 12 and 24 months post-intervention. The absolute effects were small (-0.3 BMI units; DID of -1.9lb and -1.6lb at month 12 and 24 respectively) and presumably significant because of the large sample size (n=3119 and 2431 at month 12 and 24 respectively). Lowe and colleagues (38) found a significant reduction in the energy content of lunch purchases, but this did not result in a change in weight.
DISCUSSION
This systematic review reveals that the current evidence-base does not enable clear recommendations to be made on the implementation of environmental interventions to change eating behaviour within the workplace setting. Across the 22 included studies, more than half (59%) produced significant effects on behaviour, with effects reported being: increases in fruit and/or vegetable consumption, increases in sales of healthy options, and reductions in the number of calories purchased. Although the results look promising, effect sizes could often not be calculated, and where they could (usually for studies with significant effects) they had small-medium effects. Little evidence was identified that these interventions resulted in meaningful (or significant) changes in weight or BMI: only 1 study (36, 37) showed small yet significant improvements in weight and BMI, but as no effects were observed on food intake, this begs the question whether this was through another pathway (e.g., physical activity), mere chance, or the result of bias (see Table 2 ). Additional concerns were that many studies had a high or unknown risk of bias; that poor reporting of interventions and comparator arms made it hard to code the content and intensity of the interventions; and that the only trial (39) that measured compensatory behaviours, found that participants receiving a smaller meal in the worksite café (as part of the intervention) were more likely to have a starter and a larger portion of the main meal when they later ate outside the workplace.
Hence, we conclude that more rigorous, comprehensively-reported studies that account for compensatory behaviours are needed to fully understand the impact of environmental interventions on diet and importantly, on weight/BMI outcomes.
Many studies contained the elements needed for a high quality trial. For example, about half used objectively measured outcomes (based on purchasing data) rather than relying on selfreport. The number of participants exposed to the interventions under test was typically high and the sampled participants represented diverse socioeconomic groups. Also, about half of the included studies employed randomised and cluster randomised designs. Vermeer and colleagues (39) illustrated how it is possible (and important) to assess whether people compensate later after eating less in the workplace. There were many well-informed interventions that appeared affordable and feasible, although most contained three or more different elements (and some up to 15); and many trials either did not report, or did not report in enough detail, exactly what happened in the control condition. These factors make it difficult to identify the 'active ingredients' of the intervention, or to conclude precisely what works and for whom. Ideally, study designs would be simplified in order to properly assess the potential active ingredients; and would also assess and report in detail what the control group participants are exposed to -as variation in the treatment that control groups receive can substantially influence effect sizes of behaviour change interventions (25, 40) . Hence, During coding of studies, the typology categories priming and prompting were difficult to distinguish between -many interventions in this area appeared to be both adding prompts to the environment and priming healthier thoughts, suggesting that tighter specification of these categories may help coders to use the typology more reliably. Interestingly, there were marked differences in the types of intervention strategies most commonly employed by studies in the review, with the focus very firmly on changes to labelling, availability (i.e. increased or decreased provision of certain options) and the introduction of prompts to the environment. No studies altered the ambience of the food environment, the presentation of foods on offer or the functional design of the environment / objects within that environment and only two studies altered the sizing of food portions despite evidence suggesting that these are all potentially viable ways to change food choice and consumption (46, 47) .
Reporting considerations
Across the included studies, reporting quality was suboptimal. In particular, there was little reporting of effect sizes (or data allow their calculation). This is a substantial barrier to efficient evidence synthesis. Similarly, intervention descriptions were usually insufficiently detailed to code risk of bias with a high degree of confidence. Only 1/22 studies had a registered protocol and none included all of the information that current best practice guidelines (26) recommend. While this may to some extent reflect pressure for space and word limits prescribed by journals, supplementary materials are increasingly accepted by publishers so it should be possible to include all key information. One notable finding from the coding of interventions against the TIDieR guideline recommendations was that most studies failed to report planned or actual strategies to assess intervention fidelity. Fidelity is likely to be extremely important in the context of environmental interventions -for example, were the posters visible to customers?, were table leaflets replaced if they were removed?, were smaller portions actually available when advertised?, etc.
The broader context
If successful workplace based dietary interventions can be identified, both employers and employees stand to benefit. As highlighted in the International Labour Organisation's Food at Work Report (48), hungry and/or unhealthy employees take more time off work, are less productive and make more mistakes, so it is in employers' own interests to introduce initiatives that prioritise worker health and nutrition. Similarly, the ILO report also argues that employees have a right to expect that their health will be prioritised in the workplace, and that employers should consider access to healthy foods (and restrictions in unhealthy foods) to be just as important as protection from other factors known to negatively impact health (e.g. noise, hazardous chemicals etc). Such strategies if implemented, would have to be introduced equitably across employees at all different levels of the socioeconomic spectrum if they are to reduce rather than widen health inequalities in the workforce.
Strengths and Limitations
The present review was the first to focus exclusively on environmental interventions to change eating behaviour in the workplace. An inclusive search strategy enabled a relatively large number of relevant studies to be identified. Included studies were comprehensively assessed in terms of their quality and reporting, and all (barring financial interventions) could be reliably coded into the emergent typology of choice architecture interventions. In terms of limitations, the heterogeneity in the identified studies precluded meta-analysis of the effectiveness of this type of intervention and coding for intervention reporting was done by a single coder, although this coding was supplemented with frequent quality checks by 2 nd and 3 rd coders and agreement was 100%. N/A Note. INT: intervention, CTL: control, DID: difference in differences, CI: confidence interval. Cohen's d could be calculated for various studies but we could not correct those for baseline differences or study design (e.g., clusters). Backman 2011 (30) S114 S113-S114 S113, S116 S116 S116 S116 S116 S116 None X S116 S116
CONCLUSION
Backman 2011 (47) S155 S155 S155-S156 S156 S156 S155-S156 S155 S156 None X S156-S157
